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(54) FUEL CELL HUMIDIFIER 

(57)Abstract: 

PURPOSE: To prevent drop in power generating capability of a fuel cell by 
preventing drop in humidifying function caused by hydrogen gas penetrating from 
a gas flow path side to a water flow path side through a porous film. 
CONSTITUTION: A hydrogen gas humidifier 20 is constituted with a porous film 
21 , a catalyst reaction layer 22 formed on its one side surface, and separators 24 
which interpose the porous film 21 and the catalyst reaction layer 22 from both 
sides and form a hydrogen gas flow path 23p and a water flow path 24p 
respectively. The catalyst reaction layer 22 is formed by dispersing and attaching 
carbon particles 22b on which platinum 22a is carried on one side surface of the 
porous film 21 . Water in the water flow path 24p permeates the porous film 21 
and the catalyst reaction layer 22 according to the difference between the 
pressure of water flowing in the water flow path 24p and the pressure of 



hydrogen gas 23p flowing in the hydrogen gas flow path 23p. Hydrogen gas 
reversely flows from the hydrogen gas flow path 23p side to the catalyst reaction 
layer 22 through the porous film 21, and the permeated hydrogen gas reacts with 
oxygen dissolved in water by the action of the platinum 22a and disappears. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Humidification equipment of the fuel cell which prepared the catalyst at 
least in one side of the front face by the side of the interior of said porous 



membrane, or the passage of said water while having the porous membrane 
which is humidification equipment which humidifies the fuel gas supplied to the 
electrode of a fuel cell, touches the passage of water, and the passage of said 
fuel gas, and penetrates this water according to the pressure differential of this 
water and this fuel gas. 

[Claim 2] Humidification equipment of the fuel cell which formed the base 
material which is humidification equipment which humidifies the fuel gas supplied 
to the electrode of a fuel cell, touches the passage of water, and the passage of 
said fuel gas, has water flow nature while having the porous membrane which 
penetrates this water according to the pressure differential of this water and this 
fuel gas, and supports a catalyst all over the passage of said water. 
[Claim 3] The porous membrane which touches the reservoir way in which it is 
humidification equipment which humidifies the ingredient gas supplied to the 
electrode of a fuel cell, and water is stored, and the passage of said ingredient 
gas, and penetrates this water according to the pressure differential of this water 
and this ingredient gas, A capacity detection means to detect the amount of the 
gas which piles up all over the reservoir way of said water, Humidification 
equipment of the fuel cell equipped with the deflation path which exhausts said 
gas which piled up from said reservoir way, the closing motion valve which open 
and close this deflation path, and the control means which carries out closing 
motion control of said closing motion valve according to the capacity detected 
with said capacity detection means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the humidification equipment of 



the fuel cell which humidifies the fuel gas supplied to the electrode of a fuel cell. 
[0002] 

[Description of the Prior Art] As shown in a degree type, in an anode, the reaction 
for which the reaction which uses hydrogen gas as a hydrogen ion and an 
electron generates an electron to oxygen gas, a hydrogen ion, and water in a 
cathode is performed by the polymer electrolyte fuel cell which is one of the fuel 
cells. 

[0003] anode reaction: - H2 ->2H++2e-cathode reaction: - 2H - ++2e-+(1/2) 02 
->H20 [0004] The hydrogen ion generated with the anode will be in a hydration 
condition (H+andxH20), and will move the inside of an electrolyte membrane to a 
cathode. For this reason, near the anode side front face of an electrolyte 
membrane, in order to be in the condition that water runs short and to perform an 
above-mentioned reaction continuously, it is necessary to supply this water 
running short. Although the electrolyte membrane used for a polymer electrolyte 
fuel cell has good electrical conductivity by the damp or wet condition, if water 
content falls, the electric resistance of an electrolyte membrane will become large, 
and it stops fully functioning as an electrolyte, and will stop electrode reaction 
depending on the case. 

[0005] As for makeup of this water, it is common to carry out by humidifying fuel 
gas. The equipment which carries out bubbling of the fuel gas and humidifies it 
as equipment which humidifies fuel gas is known well. If it is going to use this 
bubbling humidification equipment to the fuel cell stack carried in the electric 
vehicle, a place must prepare the bubbler of the large volume, must heat by the 
electric heater, and will be hard to be referred to as realistic in respect of the 
volume and consumption energy. 

[0006] Then, the equipment (for example, J P, 3-269958, A) which humidifies fuel 
gas through the porous membrane made of tetrafluoroethylene resin as other 
humidification equipments is proposed. This tends to humidify gas by making 
water penetrate to a gas side through porous membrane, and moreover 
evaporating water on the front face of the porous membrane by the pressure 



differential, by making the pressure of a sink and water higher than the pressure 
of gas for water and gas on both sides of porous membrane. 
[0007] Since it includes in the interior of a polymer electrolyte fuel cell stack, or 
the humidification equipment using such porous membrane can be attach to the 
outside of a polymer electrolyte fuel cell stack as one, can miniaturize the 
humidification section and it can be further use for it as heat for evaporation of 
generation of heat accompanying the reaction of a fuel cell of water, it does not 
need a heating means like an electric heater, but is excellent also in respect of 
consumption energy. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with this humidification 
equipment, the phenomenon water not only penetrates to a gas side, but in 
which gas flows backwards to a water side through porous membrane through 
porous membrane arises. When the pressure of water is quite larger than the 
pressure of gas, although the back run is hardly generated, if differential pressure 
**P of the pressure of water and the pressure of gas becomes small, the back 
run will actually become big. 

[0009] On the other hand, if porous membrane has the property to be easy to 
damage if a big pressure is applied and this property is taken into consideration 
from the thin thing reinforcement is [ a thing ] low, it cannot but admit it that gas 
flows backwards to a water side through porous membrane to some extent. 
[0010] When gas leaked and appeared in the water side, the problem which the 
layer of gas arises [ problem ] between porous membrane and water, and 
reduces a humidification function to it, and the problem which gas mixes 
[ problem ] in the passage of water and worsens the flow of water arose. If these 
problems were a total, it came to reduce the generation-of-electrical-energy 
capacity of a fuel cell for the humidification gas to be supplied. 
[0011] The humidification equipment of the fuel cell of this invention aims at 
having been made in view of these problems, and preventing lowering of a 
humidification function, and aggravation of the flow of the passage of water, as a 



result preventing lowering of the generation-of-electrical-energy capacity of a fuel 

cell. 

[0012] 

[Means for Solving the Problem] The configuration shown below was taken as 
said The means for solving a technical problem that such an object should be 
attained. 

[0013] That is, it is humidification equipment which humidifies the fuel gas 
supplied to the electrode of a fuel cell, the humidification equipment of the 1st 
fuel cell of this invention touches the passage of water, and the passage of said 
fuel gas, and it makes it the summary to have prepared the catalyst at least in 
one side of the front face by the side of the interior of said porous membrane, or 
the passage of said water while it is equipped with the porous membrane which 
penetrates this water according to the pressure differential of this water and this 
fuel gas. 

[0014] The humidification equipment of the 2nd fuel cell of this invention is 
humidification equipment which humidifies the fuel gas supplied to the electrode 
of a fuel cell, and makes it the summary to have formed the base material which 
touches the passage of water, and the passage of said fuel gas, has water flow 
nature while having the porous membrane which penetrates this water according 
to the pressure differential of this water and this fuel gas, and supports a catalyst 
all over the passage of said water. 

[0015] Here, fuel gas is the hydrogen gas or hydrogen content gas supplied to 
the anode electrode of a fuel cell. 

[0016] The porous membrane which touches the reservoir way in which the 
humidification equipment of the 3rd fuel cell of this invention is humidification 
equipment which humidifies the ingredient gas supplied to the electrode of a fuel 
cell, and water is stored, and the passage of said ingredient gas, and penetrates 
this water according to the pressure differential of this water and this ingredient 
gas, A capacity detection means to detect the amount of the gas which piles up 
all over the reservoir way of said water, It is making to have had the deflation 



path which exhausts said gas which piled up from said reservoir way, the closing 
motion valve which open and close this deflation path, and the control means 
which carries out closing motion control of said closing motion valve according to 
the capacity detected with said capacity detection means into the summary. 
[0017] Here, ingredient gas may be the hydrogen gas or hydrogen content gas 
supplied to the anode electrode of a fuel cell, or may be oxygen content gas 
supplied to a cathode electrode. 
[0018] 

[Function] According to the humidification equipment of the 1st fuel cell of this 
invention constituted as mentioned above, when the hydrogen in the fuel gas 
which penetrated porous membrane and appeared in the passage side of water 
touches the catalyst prepared at least in one side of the front face by the side of 
the interior of porous membrane, or the passage of said water, the oxygen which 
is dissolving underwater, and said hydrogen react and it becomes water. This 
does not form gas reservoir between porous membrane and water. 
[0019] In addition, the water contributed to said reaction is water in the water 
passage, when the catalyst is prepared in the front face by the side of the water 
passage of porous membrane, and when the catalyst is prepared in the interior of 
porous membrane, it is water within the porosity under migration from the 
passage side of water to a fuel gas side. 

[0020] According to the humidification equipment of the 2nd fuel cell of this 
invention, the oxygen which the hydrogen gas which penetrated porous 
membrane and advanced into the passage side of water is dissolving underwater 
by touching the catalyst which the base material formed all over the passage of 
water was made to support, and said hydrogen react, and it becomes water. This 
removes the hydrogen gas which advanced into the passage side of water. 
[0021] According to the humidification equipment of the 3rd fuel cell of this 
invention, according to the capacity which piles up all over the reservoir way of 
the water detected with the capacity detection means, closing motion control of 
the closing motion valve of a deflation path is carried out by the control means. 



The ingredient gas which penetrated porous membrane and advanced all over 

the reservoir way of water by this is missed from a deflation path. 

[0022] 

[Example] In order to clarify further a configuration and an operation of this 
invention explained above, the suitable example of this invention is explained 
below. 

[0023] Drawing 1 is the outline block diagram of the generation-of-electrical- 
energy system 1 of the polymer electrolyte fuel cell as the 1st example equipped 
with the humidification equipment of the fuel cell of this invention. This fuel cell 
generation-of-electrical-energy system 1 is equipped with the body 10 of a fuel 
cell which consists of two or more cell eels, the hydrogen gas humidifier 20 which 
humidifies hydrogen gas, the oxygen content gas humidifier 30 which humidifies 
oxygen content gas (air), and the common water tank 40 in which water is stored. 
[0024] It connects with the hydrogen gas humidifier 20 through a duct 50 and 
booster pump 50P, and connects with the oxygen content gas humidifier 30 
through a duct 60 and booster pump 60P, and the common water tank 40 is 
further connected with cooling section 10a of the body 10 of a fuel cell through a 
duct 70 and booster pump 70P. Therefore, water is supplied to the hydrogen gas 
humidifier 20, the oxygen content gas humidifier 30, and cooling section 10a from 
the common water tank 40. 

[0025] The hydrogen gas humidifier 20 is connected with inlet-port 10b of the 
anode side stream way (hydrogen gas-passageway 15p mentioned later) of the 
body 10 of a fuel cell through a duct 80, and the oxygen content gas humidifier 
30 is connected to inlet-port 10c of the cathode side stream way (oxygen gas 
passage 14p mentioned later) of the body 10 of a fuel cell through the duct 90. 
Therefore, the oxygen content gas by which the hydrogen gas humidified with the 
hydrogen gas humidifier 20 was humidified by the anode side stream way of the 
body 10 of a fuel cell with the oxygen content gas humidifier 30 is sent to the 
cathode side stream way of the body 10 of a fuel cell. In addition, 10d is an 
anode side stream way outlet among drawing, and 10e is a cathode side stream 



way outlet. 

[0026] The configuration of the body 10 of a fuel cell is explained below. Here, 
since it is easy, the case where the body 10 of a fuel cell consists of one cell eel 
is explained first. The cathode 12 and anode 13 as a gas diffusion electrode 
which make a cell eel sandwich structure on both sides of an electrolyte 
membrane 1 1 and this electrolyte membrane 1 1 from both sides as shown in 
structural drawing of drawing 2 , The separators 14 and 15 which form the 
passage of oxygen content gas and fuel gas with a cathode 12 and an anode 13, 
inserting this sandwich structure from both sides, It is constituted by the 
collecting electrode plates 16 and 17 which are arranged on the outside of 
separators 14 and 15 and serve as a collector of a cathode 12 and an anode 13. 
[0027] An electrolyte membrane 1 1 is the ion exchange membrane formed by 
polymeric materials, for example, fluororesin, and shows good electric 
conductivity according to a damp or wet condition. The cathode 12 and the 
anode 13 are formed of the carbon cross woven with the yarn which consists of a 
carbon fiber, and the carbon powder which supported the alloy which becomes 
this carbon cross from the platinum as a catalyst or platinum, and other metals is 
scoured in the clearance between crosses. 

[0028] Separators 14 and 15 are formed with the carbon plate of the quality of 
precise. The separator 14 by the side of a cathode 12 forms oxygen gas passage 
14p which makes the catchment way of the water generated with a cathode 12 
while making the passage of the oxygen content gas which is ingredient gas on 
the front face of a cathode 12. Moreover, the separator 15 by the side of an 
anode 13 forms hydrogen gas-passageway 15p which makes the passage of the 
mixed gas of the hydrogen gas and the steam which are fuel gas on the front 
face of an anode 13. Collecting electrode plates 16 and 17 are formed with 
copper (Cu). 

[0029] This is the fundamental configuration of a single eel and the body 10 of a 
fuel cell is constituted by carrying out two or more set laminating of a separator 
14, a cathode 12, an electrolyte membrane 11, an anode 13, and the separator 



15 to this order, and arranging collecting electrode plates 16 and 17 on that 
outside actually. 

[0030] The configuration of the hydrogen gas humidifier 20 is explained below. It 
is constituted by the separators 23 and 24 which form the passage 23p and 24p 
of hydrogen gas and water, pinching porous membrane 21, the catalytic-reaction 
layer 22 prepared in the single-sided front face of this porous membrane 21 , and 
the porous membrane 21 and catalytic-reaction layer 22 of the hydrogen gas 
humidifier 20 from both sides, as shown in structural drawing of drawing 3 . In 
addition, the catalytic-reaction layer 22 is located in the separator 24 side which 
forms passage 24p of water. 

[0031] Porous membrane 21 is the film of the porosity of a polyolefine system, a 
void content is more than 50 [%], and average apertures are 0.05 [mum] extent. 
This porous membrane 21 penetrates water according to the pressure differential 
of the both sides bordering on a film. Porous membrane 21 can come to hand as 
a trade name "the high pore 1000" from Asahi Chemical Industry. 
[0032] As shown in drawing 4 , the catalytic-reaction layer 22 makes the single- 
sided front face of porous membrane 21 carry out distributed adhesion of the 
carbon particle 22b which supported platinum 22a as a catalyst, and is pasted up 
on porous membrane 21 as follows. 

[0033] First, said carbon particle 22b is distributed in a suitable solvent, a 
distributed solution is made, subsequently to the holder for pressure filtration, 
porous membrane 21 is set and pressure filtration of the distributed solution is 
carried out. Consequently, only a solvent passes porous membrane 21 and said 
carbon particle 22b remains on a porous membrane front face. Then, a hotpress 
is carried out after making the solution (for example, Nation 5% solution currently 
sold from U.S. Aldrich) of a proton conductivity solid electrolyte the front face of 
the porous membrane 21 of this condition under little **. Consequently, said 
carbon particle 22b fixes on porous membrane 21 front face, achieving a duty 
like adhesives so to speak in the process which the solution of a proton 
conductivity solid electrolyte solidifies. In addition, since water, hydrogen, and 



oxygen are passed, this proton conductivity solid electrolyte will be satisfactory 
even if the front face of carbon particle 22b is covered with a proton conductivity 
solid electrolyte. 

[0034] Carbon particle 22b which supported platinum 22a is created by the 
following approaches. A sodium thiosulfate is mixed with a chloroplatinic acid 
water solution, and the water solution of a sulfurous-acid platinum complex is 
obtained. Stirring this water solution, hydrogen peroxide solution is carried out 
under **, and the platinum particle of colloid is deposited in a water solution, next, 
the carbon black used as support - [ - for example, Vulcan XC-72 (trademark of 
U.S. CABOT) and DIN - a turnip - adding rack (trademark of DENKI KAGAKU 
KOGYO K.K.)], it stirs and the platinum particle of colloid is made to adhere on 
the surface of carbon black Next, after separating attraction filtration or the 
carbon black to which pressure filtration was carried out and the platinum particle 
adhered and washing a solution repeatedly by deionized water, it is made to dry 
thoroughly at a room temperature. Next, in a hydrogen reduction ambient 
atmosphere, after a crusher grinds the condensed carbon black, while returning 
the platinum on carbon black by heating at 250 degrees C - 350 degrees C for 
about 2 hours, remaining chlorine is removed thoroughly and a platinum catalyst 
is completed. 

[0035] In addition, at this example, the amount of support of a platinum catalyst is 
2 1cm of porous membrane. It hits and has become 0.01 mg by platinum weight. 
This platinum weight is made [ many ] when gas tends to flow backwards to a 
water side through porous membrane 21 (so that it is got blocked and differential 
pressure **P of the pressure of water and gas pressure is small). Moreover, if it is 
the same differential pressure, platinum weight will be made [ many ] when using 
porous membrane with many amounts of humidification per unit area. That is, 
what is necessary is just to decide the optimum value of platinum weight 
according to the configuration conditions of each humidification equipment, and a 
service condition. Moreover, it changes to this and an example is available also 
as a configuration using the alloy which consists of platinum and other metals, 



although platinum was used as a catalyst. Furthermore, as support, it changes to 
this and an example is available also as a configuration using silica powder, 
titania powder, alumina powder, etc., although carbon powder was used. 
[0036] Separators 23 and 24 are formed with the carbon plate of the substantia 
compacta which compressed carbon and it presupposed gas un-penetrating. 
Two or more heights arranged by parallel are prepared in the front face by the 
side of the porous membrane 21 of separators 23 and 24, and two or more 
hydrogen gas-passageway 23p by two or more heights and porous membrane 
21 and water passage 24p are formed. Moreover, the seal of separators 23 and 
24 and the porous membrane 21 is carried out with O rings 25 and 26, and the 
seal of the both sides of the longitudinal direction of porous membrane 21 is 
carried out by the seal members 27 and 28. 

[0037] In addition, although the separator 23 was formed with gas non- 
penetrated carbon in the example, as long as it is construction material excellent 
in the construction material and thermal conductivity which are not invaded by 
hydrogen gas, you may form according to what kind of construction material. 
Moreover, as long as a separator 24 is construction material which is stable 
construction material and is excellent in thermal conductivity to water, it may be 
formed according to what kind of construction material. 
[0038] In this way, the inlet port of hydrogen gas-passageway 23p of the 
constituted hydrogen gas humidifier 20 is connected with the refining machine 
which is not illustrated, and the outlet of the hydrogen gas-passageway 23p is 
connected with the duct (duct which results in anode side stream way inlet-port 
1 0b of the body 1 0 of a fuel cell) 80 mentioned above. Moreover, the inlet port of 
water passage 24p of the hydrogen gas humidifier 20 is connected with the duct 
50 which results in the common water tank 40, and the outlet of the water 
passage 24p is blockaded. Consequently, as shown in drawing 4 according to 
the difference of the pressure of the water which flows water passage 24p, and 
the pressure of the hydrogen gas which flows hydrogen gas-passageway 23p, 
the water in water passage 24p penetrates porous membrane 21 and the 



catalytic-reaction layer 22. This transmitted water humidifies the hydrogen gas 
which evaporates on the front face of porous membrane 21 , and flows hydrogen 
gas-passageway 23p. 

[0039] The oxygen content gas humidifier 30 is the configuration which 
sandwiched the configuration except the catalytic-reaction layer 22, i.e., an 
electrolyte membrane, with the separator from the hydrogen gas humidifier 20 
mentioned above, and omits detailed explanation here. With this oxygen content 
gas humidifier 30, water penetrates porous membrane 121 according to the 
difference of the pressure by the side of water, and the pressure by the side of 
oxygen content gas. This transmitted water is evaporated on that porous 
membrane front face, and humidifies oxygen content gas. 
[0040] In this way, although the constituted fuel cell generation-of-electrical- 
energy system 1 changes chemical energy into direct electrical energy by the 
chemical reaction mentioned above, this chemical reaction is smoothly 
performed by the hydrogen gas and oxygen content gas which were humidified 
with the hydrogen gas humidifier 20 and the oxygen content gas humidifier 30. 
[0041] That is, in the anode 13 of the body 10 of a fuel cell, the reaction for which 
hydrogen serves as a hydrogen ion and an electron is performed, and the 
produced hydrogen ion combines with the water of the anode 13 neighborhood, 
will be in a hydration condition, and will move in the inside of an electrolyte 
membrane 1 1 . For this reason, although water runs short near [ anode 1 3 ] an 
electrolyte membrane 11 if it remains as it is, this lack is supplied with the steam 
in the mixed gas of hydrogen gas and a steam. Consequently, an electrolyte 
membrane 1 1 will always be in a damp or wet condition, a hydrogen ion can 
move smoothly in the inside of an electrolyte membrane 1 1 , and a cathode 
reaction is performed smoothly. In a cathode 12, the reaction which generates 
water by the hydrogen ion, the electron, and oxygen is performed. The steam in 
oxygen content gas and the mixed gas of a steam has achieved the duty which 
secures the damp or wet condition of an electrolyte membrane 1 1 . 
[0042] As explained in full detail above, in the fuel cell generation-of-electrical- 



energy system 1 of this 1st example, the hydrogen gas supplied to a fuel cell is 
humidified with the hydrogen gas humidifier 20. With this hydrogen gas humidifier 
20, since the catalytic-reaction layer 22 is formed in the front face of porous 
membrane 21 , as shown in drawing 4 , according to an operation of platinum 22a, 
the hydrogen gas which penetrated porous membrane 21 from the hydrogen 
gas-passageway 23p side, and reached the catalytic-reaction layer 22 reacts 
with the oxygen which is dissolving underwater, and serves as water here. 
Thereby, it can protect from the hydrogen gas-passageway 23p side that gas 
reservoir is formed between porous membrane 21 and water with the hydrogen 
gas which flowed backwards to the water passage 24p side. In addition, since it 
is mixed with the water which exists in the water passage 24p side, no adverse 
effect gives the water reacted and generated. 

[0043] Therefore, it can prevent that a humidification function falls by the gas 
reservoir, as a result lowering of the generation-of-electrical-energy capacity of 
the body 10 of a fuel cell can be prevented. 

[0044] The 2nd example of this invention is explained below. Drawing 5 is the 
mimetic diagram of the porous membrane 121 used for the hydrogen gas 
humidifier of the 2nd example. As shown in drawing 5 , as compared with the 
hydrogen gas humidifier 20 of the 1st example, there is no hydrogen gas 
humidifier of 22 catalytic-reaction layer of this 2nd example, is changed to it, and 
it has silica particle 122b which supported platinum 122a as a catalyst inside 
porous membrane 121. 

[0045] Said silica particle 122b is formed in the interior of porous membrane 121 
as follows. First, platinum is supported on the front face of the silica particle 
which is inorganic packing, and subsequently, the film is formed using this 
inorganic packing and it changes into the condition that platinum was supported 
inside membranous. The amount of support of a platinum catalyst is 2 1cm of 
porous membrane. What is necessary is just to be 0.01 mg by hit platinum weight. 
[0046] In addition, although silica powder is used for said inorganic packing like 
this example, it changes to this and titania powder and alumina powder can also 



be used, and if it does not care about cost, zirconia powder, boron nitride powder, 
and alumimium nitride powder can also be used. Generally the approach of 
supporting a platinum catalyst on such a powder front face is performed widely, 
and detailed explanation is omitted here. 

[0047] With the hydrogen gas humidifier of the 2nd example of such a 
configuration From silica particle 122b which supports platinum 122a which is a 
catalyst being prepared in the interior of porous membrane 121 As the hydrogen 
gas which is going to penetrate porous membrane 121 from a hydrogen gas- 
passageway side, and is going to reach a water passage side passes through 
the interior of porous membrane 121, according to an operation of platinum 122a, 
it reacts with the oxygen which is dissolving into the water of normal flow from a 
water passage side to a film passage side, and becomes water. Thereby, it can 
protect from the hydrogen gas-passageway 23p side that gas reservoir is formed 
between porous membrane 21 and water with the hydrogen gas which flowed 
backwards to the water passage 24p side like the 1st example. Therefore, it can 
prevent that a humidification function falls by the gas reservoir like the 1st 
example, as a result lowering of the generation-of-electrical-energy capacity of 
the body 10 of a fuel cell can be prevented. 

[0048] The 3rd example of this invention is explained below. Drawing 6 is the 
outline block diagram of the fuel cell generation-of-electrical-energy system 201 
as this 3rd example. As compared with the fuel cell generation-of-electrical- 
energy system 1 of the 1st example, the point of having formed the holder 300 
later mentioned to the configuration of the hydrogen gas humidifier 220 and the 
duct 50 which connects the hydrogen gas humidifier 20 to the common water 
tank 40 is different, and this fuel cell generation-of-electrical-energy system 201 
is the same about other configurations, as shown in drawing 6 . In addition, the 
same sign as the 1st example was attached to the same parts. 
[0049] The hydrogen gas humidifier 220 of this example is equipped with the 
configuration except the catalytic-reaction layer 22, i.e., the configuration only 
whose porous membrane 21 was pinched with separators 23 and 24, in the 



hydrogen gas humidifier 20 of the 1st example. 

[0050] A holder 300 is explained below. It is the decomposition perspective view 
into which drawing 7 decomposed the perspective view of a holder 300 into, and 
drawing 8 decomposed the holder 300. As shown in both drawings, a holder 300 
forms the membrane 303 which supported the platinum as a catalyst in the 
single-sided front face of the support screen 301 ,302 of two sheets piled-up 
[ each other ], and it puts these between the inside body 306 and the outside 
body 307, raising seal nature with the packing 304,305 of two sheets. And these 
are bound tight with a locknut 309 through the gasket 308 for locknuts. In 
addition, the breakthrough is prepared in the inside body 306 and the outside 
body 307, and a holder 300 serves to hold a membrane 303 in the middle of 
passage by such configuration. 

[0051] A membrane 303 is the nonwoven fabric of polyester, is the thing of 
thickness 150 [mum] extent, and is equipped with the water flow nature of extent 
which does not check passage of water. Platinum is supported by this membrane 
303 on the surface of one side (of course, both sides are sufficient). In addition, 
the amount of support of platinum 1 [cm2] of a membrane 303 Hits, and is 0.05 
[mg] extent by platinum weight. In addition, a membrane 303 may be the 
nonwoven fabric of a polyethylene system besides a polyester system, a 
polypropylene system, a polyamide system, and a polysulfone system. 
[0052] The holder 300 of such a configuration is especially arranged in the duct 
50 between booster pump 50P and the hydrogen gas humidifier 20 in this 
example between the ducts 50 which connect the hydrogen gas humidifier 20 to 
the common water tank 40. 

[0053] Although the hydrogen gas supplied to a fuel cell is humidified with the 
hydrogen gas humidifier 220 in the fuel cell generation-of-electrical-energy 
system 201 of this 3rd example as explained in full detail above, hydrogen gas 
advances from a hydrogen gas-passageway side to a water passage side 
through porous membrane 21 in the case of this humidification. Although the 
hydrogen gas advances in the direction of the common water tank 40 via a duct 



50 from the hydrogen gas humidifier 220 after that, by touching the platinum of 
the membrane 303 prepared in the holder 300 on that occasion, it reacts with the 
oxygen which is dissolving underwater and serves as water. Thereby, the 
hydrogen gas which advanced into the duct 50 is removable. 
[0054] Conventionally, the hydrogen gas which advanced into such a duct 
worsens the flow of the water of the duct, or Although it advances into a common 
water tank, and mixes in the water passage of a hydrogen gas humidifier again, 
or it mixes in the water passage of an oxygen content gas humidifier from a 
common water tank and it is connected with lowering of the humidification 
function of both humidifiers on the other hand, in the fuel cell generation-of- 
electrical-energy system 201 of this example Since the hydrogen gas which 
advanced into the duct 50 is removable as mentioned above, lowering of the 
generation-of-electrical-energy capacity of the body 10 of a fuel cell to be able to 
prevent lowering of the humidification function of the hydrogen gas humidifier 220 
and the oxygen content gas humidifier 230, as a result for humidification to be 
made can be prevented. 

[0055] In addition, in said 3rd example, it is good also as a configuration which 
formed the holder 300 in the manifold of the outlet side of water passage 24p of 
the hydrogen gas humidifier 220. 

[0056] The 4th example of this invention is explained below. Drawing 9 is the 
outline block diagram of the hydrogen gas humidification system as this 4th 
example. As shown in drawing 9 , it has this hydrogen gas humidification system 
401 centering on the body 41 0 of a humidifier. The body 41 0 of a humidifier is 
constituted by the member 423,424 by which passage 423p of hydrogen gas is 
formed in one side, and it forms water passage 424p in another side on both 
sides of porous membrane 421 and this porous membrane 421 . 
[0057] As for water passage 424p which hydrogen gas-passageway 423p formed 
of a member 423 is piped from the refining machine in the middle of the duct 430 
which results in the body of a fuel cell, and is formed of a member 424, an 
entrance side is connected with a water tank 450 through a booster pump 440, 



and the outlet side is blockaded. Furthermore, the deflation duct 470 in which the 
control bulb 460 was formed is connected to this water passage 424p. In addition, 
arrangement of the body 410 of a humidifier is defined so that this outlet side 
may be located in the upper part to an entrance side. 

[0058] Moreover, this hydrogen gas humidification system 401 is formed in from 
the body 410 of a humidifier of a duct 470 before the control bulb 460, and is 
equipped with the electronic control unit 490 connected in a sensor 480 as 
electrically [ as a sensor 480 and water ] as the water which detects the height of 
the oil level of water passage 424p. 

[0059] An electronic control unit 490 consists of microcomputers equipped with 
CPU, well-known ROM, well-known RAM, etc., and at least water carries out 
closing motion control of the control bulb 460 according to the detecting signal 
from a sensor 480. In detail, the predetermined program is beforehand 
memorized by ROM of an electronic control unit 490, and, as for the electronic 
control unit 490, closing motion control of the control bulb 460 is performed 
according to the program. 

[0060] The control bulb closing motion processing performed by CPU of an 
electronic control unit 490 is explained along with the flow chart of drawing 10 . it 
is shown in drawing 10 - as - CPU -- first - water level -- predetermined [ which 
the water level which incorporates the detecting signal of a sensor 480 (step 500), 
and is shown from the detecting signal defined beforehand ] -- it judges whether 
it is less than water level (step 510). here - the water level - predetermined - if 
judged with it having been less than water level, as that by which the gas more 
than the specified quantity was stored in water passage 424p, a control signal 
will be sent to the control bulb 460, and the control bulb 460 will be controlled in 
the open condition (step 520). 

[0061] on the other hand -- step 510 -- the water level - predetermined - when 
judged with having exceeded water level, step 520 is flown and the control bulb 
460 is left the closed state. In this way, the processing shown by this routine is 
once finished. 



[0062] By the hydrogen gas humidification system 401 constituted as mentioned 
above, if the amount of the hydrogen gas which advanced into the water passage 
424p side from the hydrogen gas-passageway 423p side through porous 
membrane 421 reaches more than the specified quantity, the hydrogen gas 
which piled up in water passage 424p will be leaked from the deflation duct 470 
by making the control bulb 460 into an open condition. In addition, although the 
graphic display was not carried out, these leaked gas is collected and is returned 
to a hydrogen gas system side. 

[0063] Therefore, it can prevent forming gas reservoir between porous 
membrane 421 and water with the hydrogen gas which penetrated porous 
membrane 421 and advanced into the water passage 424p side from the 
hydrogen gas-passageway 423p side. Consequently, lowering of the generation- 
of-electrical-energy capacity of the body of a fuel cell to be able to prevent that a 
humidification function falls by gas reservoir like the 1st example, as a result for 
humidification to be made with this hydrogen gas humidifier 410 can be 
prevented. 

[0064] In addition, although considered as the configuration which humidifies the 
hydrogen gas supplied to the anode of a fuel cell as a hydrogen gas 
humidification system in this 4th example, it is good also as a configuration which 
humidifies the oxygen content gas which changes to this and is supplied to the 
cathode of a fuel cell. That is, it considers as the configuration which changes to 
hydrogen gas at gas-passageway 423p, and passes oxygen content gas. By this 
configuration as well as the 4th example, it can prevent that a humidification 
function falls by gas reservoir. 

[0065] It changes to the example mentioned above and explains most briefly that 
gas reservoir is formed between porous membrane and water passage below 
about the configuration to prevent. The block diagram of drawing 1 1 shows the 
configuration. As shown in drawing 11 , this hydrogen gas humidifier 600 is 
arranged so that water passage 624p may become an upside to hydrogen gas- 
passageway 623p, after having the separator 623,624 which forms the passage 



623p and 624p of hydrogen gas and water, pinching porous membrane 621 and 
this porous membrane 621 from both sides. 

[0066] The example which is not desirable was shown in drawing 12 . As shown 
in this drawing 12 , when water passage comes to the bottom to a hydrogen gas 
passageway, the gas which passed porous membrane from the hydrogen gas- 
passageway side, and advanced into the water passage side piles up between 
water passage and porous membrane (gas piles up in G among drawing), and, 
for this reason, there is a possibility that it may become impossible for water to 
touch porous membrane, and an internal humidification function may stop 
working as a result. 

[0067] on the other hand, from being arranged in this example, so that water 
passage 624p may become an upside to hydrogen gas-passageway 623p The 
gas which passed porous membrane 621 from the hydrogen gas-passageway 
623p side, and advanced into the water passage 624p side collects on a water 
passage 624p upside (a porous membrane 621 side, opposite side), and the gas 
does not pile up between water passage 624p and porous membrane 621. For 
this reason, lowering of the generation-of-electrical-energy capacity of a fuel cell 
to be able to prevent lowering of the humidification function resulting from that 
gas, as a result for humidification to be made can be prevented. 
[0068] Although the example of this invention was explained above, things of this 
invention which can be carried out in the mode which becomes various within 
limits which do not deviate from the summary of this invention, such as a 
configuration which is not limited to such an example at all, and changed porous 
membrane to the film of a BORIORE fin system, for example, was used as films, 
such as a cellulose type, a polyamide system, a polysulfone system, and a 
polypropylene system, are natural. 
[0069] 

[Effect of the Invention] As explained above, with the humidification equipment of 
a fuel cell according to claim 1, the hydrogen gas which penetrated porous 
membrane and appeared in the passage side of water according to the catalyst 



prepared at least in one side of the front face by the side of the interior of porous 
membrane or the passage of water can be changed to water. For this reason, 
lowering of the generation-of-electrical-energy capacity of a fuel cell to be able to 
prevent lowering of the humidification function resulting from that hydrogen gas, 
as a result for humidification to be made can be prevented. 
[0070] With the humidification equipment of a fuel cell according to claim 2, the 
hydrogen gas which penetrated porous membrane and advanced into the 
passage side of water according to the catalyst arranged all over the passage of 
water can be changed to water. For this reason, the hydrogen gas which 
advanced into the passage side of water is removable. Therefore, lowering of the 
generation-of-electrical-energy capacity of a fuel cell to be able to prevent 
lowering of the humidification function resulting from the hydrogen gas, as a 
result for humidification to be made can be prevented. 

[0071] With the humidification equipment of a fuel cell according to claim 3, if the 
capacity which penetrated porous membrane and advanced all over the reservoir 
way of water increases, it can exhaust outside. For this reason, lowering of the 
generation-of-electrical-energy capacity of a fuel cell to be able to prevent 
lowering of the humidification function resulting from that gas, as a result for 
humidification to be made can be prevented. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the generation-of-electrical-energy 
system 1 of the polymer electrolyte fuel cell as the 1st example equipped with the 
humidification equipment of the fuel cell of this invention. 
[Drawing 2] It is structural drawing of the cell eel of the body of a fuel cell. 
[Drawing 3] It is structural drawing of the hydrogen gas humidifier 20. 



[Drawing 4] It is the mimetic diagram of the catalytic-reaction layer 22 
circumference. 

[Drawing 5] It is the mimetic diagram of the porous membrane 121 used for the 
hydrogen gas humidifier of the 2nd example. 

[Drawing 6] It is the outline block diagram of the fuel cell generation-of-electrical- 
energy system 201 as the 3rd example. 

[Drawing 7] It is the perspective view of the holder 300 used in the 3rd example. 
[Drawing 8] It is the decomposition perspective view of a holder 300. 
[Drawing 9] It is the outline block diagram of the hydrogen gas humidification 
system as the 4th example. 

[Drawing 10] It is the flow chart which shows the control bulb closing motion 

processing performed with an electronic control unit 490. 

[Drawing 11] It is structural drawing of the hydrogen gas humidifier 600 of other 

examples. 

[Drawing 12] It is structural drawing of the example of a comparison which is not 
desirable. 

[Description of Notations] 

I - Fuel cell generation-of-electrical-energy system 
10 -- Body of a fuel cell 

10a ~ Cooling section 

10b -- Anode side stream way inlet port 

10c -- Cathode side stream way inlet port 

I I -- Electrolyte membrane 

12 -- Cathode 

13 - Anode 

14 -- Separator 

14p -- Oxygen gas passage 

1 5 - Separator 

15p -- Hydrogen gas passageway 

16 17 -- Collecting electrode plate 



20 -- Hydrogen gas humidifier 

21 - Porous membrane 

22 -- Catalytic-reaction layer 
22a - Platinum 

22b - Carbon particle 

23 - Separator 

23p - Hydrogen gas passageway 

24 - Separator 

24p - Water passage 

25 26 -- O ring 

27 28 - Seal member 

30 -- Oxygen content gas humidifier 

40 - Common water tank 

50 -- Duct 

50P - Booster pump 
60 - Duct 

60P - Booster pump 
70 - Duct 

70P -- Booster pump 
80 90 - Duct 
121 - Porous membrane 
122a -- Platinum 
122b - Silica particle 

201 - Fuel cell generation-of-electrical-energy system 

220 -- Hydrogen gas humidifier 

230 -- Oxygen content gas humidifier 

300 -- Holder 

301 ,302 Support screen 

303 - Membrane 

304,305 -- Packing 



306 - 


Inside body 


307 - 


Outside body 


308 - 


Gasket for locknuts 


309 - 


Locknut 


401 -- 


Hydrogen gas humidification system 


410 - 


Body of a humidifier 


410 -- 


Hydrogen gas humidifier 


421 -- 


Porous membrane 


423,424 - Member 


423p 


-- Hydrogen gas passageway 


424p 


-- Water passage 


430 -- 


Duct 


440 -- 


Booster pump 


450 -- 


Water tank 


460 -- 


Control bulb 


470 -- 


Duct 


480 -- 


At least water is a sensor. 


490 -- 


Electronic control unit 


600 -- 


• Hydrogen gas humidifier 


621 -- 


■ Porous membrane 



623,624 - Separator 

623p -- Hydrogen gas passageway 

624p - Water passage 
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[0 0 3 9] Mte*#X»iail3 0l& tU3iELfc7j<^ 
#XiinSS2 0fi»5ttl«SJSJI2 2*^fe«Wis fiP 

lis i¥Li.^iiitBgir3 0 c©iWR*w^iP)H*3 

0 * y v hmdex tfzmmti t vmic 

JSUT*^?LKffll1 2 1 *aa*«. E©afflLfc# 
lis *05^?L««SiB-p»ftLTBBI5dW«X*JlPS-r 

[0 0 4 0] C ^ LT«teK*nfeflS»W6««->^7 1 ^ 

1 lis ±aLfeft^EJ6K«fcy^x*;U**gjMift 

# x»pa« 3 o -pnpa#ftfe*jis^e 

[004 1] ?&frl3s flSPMBfi** 1 0O7 7 /— K 1 
3 T-lis *«»*«-r*Vt»?i:ft*EBW5ftt) 
tis ^fo^-f^V^s 7V-K1 3 ft>£©# <t«g-& 
LT7j<?P««i<!:/d:^T«®KMl 1 rt*»»f*. £© 
fci6s *©*ST»ttWSRMl 1©7V-K1 

cio^siis *«jjxi:*i»i4fl>a 

mi itt»icaattffiifty» * vt±«»tot i 

1 rt^xA-xic^ij-r^cict^^s MtasjK^A 

[0042] j-x±i¥aiL/cj;^iCs coniximaM 
f4«}ffi5g«->xxA i nis asBwaKttiw*!*** 
*£#*#*ijnies2 o?-»p5lLT^5o 

flP?S§§2 OTIis #?LJtHI2 1 ©SiElEMiI£ffifl2 2 
tfRtfSftT^SEtfrS, 04lc^-T«fc : 5lCs #JR# 
XSB&2 3 P »S£?LftH2 1 «aaL?MKEi£i 

2 2fcSLfc#*#*lis :c?a42 2 a©fBBl«:<fc 

K«fc y , *KJEfe9tt 2 3 p «EP 57j<;W 2 4 p fflijlEiSi 
SLfc#*#*tf:J:y£?l1l:H2 1 £7k£(Dma3xm 



jSLT£l#£ftfc7j<lis *SW2 4p«ES«ELT^* 

[0 0 4 3] LtctfoT, ^(Dfixmiz&vhvmmtf 
&T?&o)m±tzz mwts immm 

[0 0 4 4] *»W©J625ISM!IK-30>T*KRlfi-r 
§„ 135 lis S2SJSffil©*JRZJXftPa«Kffl^6h5 
^flJMti 2i©*3ia7»**. IS15lc^1-ct;-5lCs c 
©«2*»«©#J|S#XSnSSM\ mi *tt09©#*# 
Xj)P?Ifg2 0ctitKLTs jtt«S*S12 2 3(j«ft<, ^tt 
IC^Ts ^fLftlStl 2 1 cT)p»ggpiCs 8*S«i:LT©a£ 
1 22a«H»Lfe->y*tt?1 2 2b*WT*t>©T» 

[0 0 4 5] ilE->y*tt?1 2 2btt£?UMM 2 1 

yAtt?©sffifca&*fi£u £© 
wniK^L ei^msiLs M®rtswcaa#s 
»*n/-c«nt-r*. e^i4J«©JiJ#»ii^fLKflii c 
m 2 % tz y e s*«? o . oimgi ? niicfc i\ 

[0 0 4 6] BUlBM?B«^lClis d©*MJ© 

*9(c->y*»iWtt>nT^*#» ctticj&jiTs 

©?£ mis 5>VU 3 - TWfifc* * *»*fi{b T 7 /!/ s 

tta^ssfrsTjjatt. iixniWEfffttoftTfiys c 

[0047] E ^ Lfc^m©^ 2 *»09©#*#*flnffl 
STlis 12 2a *S«fT*-> 'J 

1 2 2 btf£?UMM 2 i ©rt»fcRW-StiT^*e:«t: 
A^5s **#*3ftHHW#5*?UH«1 2 1 ^ai^LT7j< 
3(EHHIWlc5ijau«fc5i , r«*JIS^ttx ^fLKMl 2 1 

*3B^^5M3t^KS«iE«©an©*©*(EaMI 
UT^«««iSJKLT*lE&S. cnK*y» si* 
JS^JirlPHilEs **^X3(EB2 3 pfflfl*S7kaE»2 4 p 

m^MmLrM^iz^v^immi i <t7j< < h©«iE 

fcAbT, mi*»<!:|Sl«lEs ^©^'XllEd; y»PS 

ttsfeBHST-rswsisis^-rscitf?^ s^riis «s 

»Wfi*# 1 0 ©SWBB^i©ffiT*Rl5± , r * C «!: fl^T** 

So 

[0 0 4 8] «tB*0JS3jUtt!K*3^T*KBWr 
«. S6lis c©S3Sat«9iLT©«!«Wfi»«->x 
xA2 0 1 ©«E«tt^BI?£3. C©jtfflm^«->X 
t1*2 0 1 lis mi *WJ©«4«>^«->^^^ 1 i 
ik^sLTs H16lE^-rJ;3lEs **«XUPa»2 2 0© 

mmt. y? 4 0 t^mtsxmmmi 0 ««« 
«K5 oiE^a$rs*;i/^3 0 ofcttttfejStfMiau 
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[0 0 4 9] E0*SW9©#*Jff;*to!S2 2OI4, H 
£»l/'fe*J& EPSs ^?LR«2 1 «tf*-fc/tl/-* 2 

3, 2 4K<fcyssA,7£*i*8*fia.s. 

[0 0 5 0] *il/5T3 0 0KWT*(EiWir*. 
tt*/U#3 0 OOMUk H8tt*/U*3 o o*a*?L 
fc*MIMWlBI - PS3. WHfc^t<fea^ *M/#3 0 0 
tts E^fcMafc2*Dtf<K-hX*y-V3 0 1. 3 
0 2©«-flBaiB^ tt«i:LT<oa**S»LfcB«*3 
0 3*KW\ Cft55, 2&<Drt<y*>?3 0 4. 3 0 
5 tc<fc y ^-/Mt^Ktto-artlltftT*^ 3 o 6 tM\$ 
r-f 3 0 7<h£DPaicSt^5itj„ ^LT, cnS£P'.v7 
±>y hffl^v h 3 0 8 S^LTOy^ h 3 0 9 
lc«fcy«tt{tfttfct»0T»S*. rtH^x-f 3 0 6 

fiiiiMff-f 3 o 7ictt*afttfB**6ftT£y* 

E 3 LfeWriMCfc y , */Utf 3 0 0 liSfEgcD&PlilKtt 

sos*®*******-*. 

[0 0 5 1] lift 3 0 3l* % tfyxXx/l/©*!**'?* 
y, W#1 5 0 [jum] SS©t><!!)T , *y, 7j«DiIil£ 
PI*Lft^eS©3i*tt*«iA«. E<D»H*3 0 3fc 

J#*ft7V*. ftSs as&flDSJSWi* «#3 0 3©1 
[cm2 ] SfcU, e^SMT'O. 0 5 [tng] 8S? 
&£flWMO3tt?KyxX7 1 /UJ8<0B:&\ <K'Jx 

fi/VI, *°y7Pfc 0 uv&, tK i J7 7 =KSs #yx;u 

[0 0 5 2] E3Lfc*Wte>*/U*3 0 0tt, ftffl*^ 
V 7 4 0 «k**^XjHia» 2 0 5 # 

2 0 <fc«>IH©«i& 5 0 KE»*ftTlO«. 
[0 0 5 3] «J:l¥»LfcJ;3fcs C CDJI 3 HfiWDff 

**«jfi»«->XT : J £x2 o i flsftwsjcflag-rs* 

*#X***#XflSH»2 2 O^SLTl^^ £<Z> 
fiP9QR& *5LRM2 1 **>LT**#X3lEBHIJfr5* 

siEaMW'xzMistfxtfjiArs. *©***rxtiv ^© 

«L *JR*rxjPffl»2 2 0^S*»5 0*«SUTft« 
7j<*>7 4 0©*lRlKJttffl«s *©HK*/U*3 0 OK 
KttSftfcWMO30a*fc»T*E£fcJ:y» *t> 
KJ«BUT^*WEiE*5UT*t4*. EftK«fcy» 
ff SS 5 0 [CjtA Lfe*Jlt^X*l«Sf * E £ #T**£<, 
[0 0 5 4]«, *5 LftlBKEaALfc*«*7, 

tcgALT«ffl7.k*>7frS, Htf*JIS#XilP»S«>* 

XfK&s EttlcfcfLT, E©*^©«m«ls««$' 
**3!U*ttS*3E£tfT#*E£frSs tJcSS/JxSP 

;SS2 2 0fi*rfflHlt^XJX»Pa»2 3 OCDflP;E« 



5»«*ft 1 0 ©8Bffi7JflMBT*BSltr * E <fc # 

[0 0 5 5] ftfe % ttEK3JtJMI(C&(. v ^ */U*3 
0 0?, **#XJPffl»2 2 0CD7j<-«2 4 p©fflPfl!l 

[0056] *mmmnmuc^T^acKmt 

^XJP?M>'X7 : A4 0 1 tt % 2lP3tt*fM 1 OfcWc 
1 01*. §-7L»Si4 2 1 t. ECO 
$AMK4 2 1 *«^7?-*K*JIS^X©3(E»4 2 3 p 
*, tt*l£*i»4 2 4 p *Jgm , r*ffi**4 2 3,42 
4tK*y#|j«*ftt^*. 

[0 0 5 7] W4 2 3fc«fcyjB/8l!FnS#*#X3B& 
4 2 3 p l±. i3Mt»^SaH*«5f!!*#^S«*»4 3 0 
©»tpKE l i*ih.T*sy. «**4 2 4KJ;yfl&* 

*ft**attt4 2 4plis AP»\ JPE#V^4 4 0 
£*>LT7.k*V7 4 5 0£&^£ft, ffip»±M**n 
Tl/>3. SSfc* E©#^fc4 2 4pfctt*«ffl/t/l/7'4 
6 0tDKtt5ftfe#XftS«»4 7 OtfjBBKTftTV 
3„ C£DffiPfflWAP«^LT±gPtCfftir§ 

[0 0 5 8] d©7j<^7jXSP;S~>X7 1 A4 0 1 

lis V&4 7 0(DHpSt§*tt4 1 0#5«MVl/74 6 
0 STCDfaHctStfStU 7jc-^SS4 2 4 pOjSSnt^B*? 
*fflT**ttH!>*4 8 0t» *ffi-bVlr4 8 0K«iK 
«HC«tt#ftS«?*!l1Blix>> h 4 9 0<h5Hx.So 

[0 0 5 9] h 4 9 Ott, JDSDOC P 

U, ROM, RAMtff*iSAfe?'f^P3Vt:a-*fi v 

s*wi*n» *tt-bv^4 8o/^Sfl!)«fflfl^c(Si;T 

W»^4 6 0*liBilMir«. BUIt «?$'Jffl 
ZL->> h49 00 RO MIC 7 7^6^4613 

h 4 9 0lifilttP/^U7*4 6 0©BiHftlffll*fift"3T^ 

So 

[0 0 6 0] m?Wa-^ h4 9 0©CPU(E«J:y* 

^+-nc»oTKwt*. eh otc^r.fcaic, CP 
uttv sf> *tt-fev*4 8o««iini**aya* 

(Xx775 0 0) , *«)ttUlffl^5OTT!rft5*ffi^ 

(Xr'>75 10). ; ecD7j<ffi*^7Wa?T 
Bofe£WJ8l*ft3£s *3»4 2 4 plcl±p/rg»J-X± 
©«X^Bf A5nfc«6»©i LTv W/WU74 6 0 [CfiJ 
Wi^^oT»P/^;i/74 6 o$Mt«iB(c«g»1-3 

(7^^75 2 0) . 

[006 1] -75, Xx'>75 1 OT-^roTkffiAV/fSTk 
tt«±0-3Tl^*£WfiSftfc4:*l£l*» X5 1 y75 2 
O^m^LT, «W/^U74 6 0*BBtt««)S$tcLT 
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[0 0 6 2] jiUro^fctt^ftfcrtfctf^unfflS'* 

7^4 0 1 f-7Lft§£4 2 1 *ftLT**#Xafl» 
4 2 3 pfflfr5*3B&4 2 4 pHfc»ALfc**ffX® 

atfmsaeufcarrs^ »m>?'4 6 o£p,m 
c<tT\ *9Bi4 2 4 p izm LtcTkmmxzn 
*ffi*«tt4 7 0frsy~?LT^3. %*5s mmtL 

[0 0 6 3] LfctfoT* *SJllllt4 2 1*jafflUT* 
*#*3fcl&4 2 3 pffliJ^57j<^S&4 2 4 pfflijKitALfc 

0«UW4 2 1 £*£©hjic#*j«wb 

4 1 0T»MS^ft*ftS«H*«5l!l*ftoaWK*<0fiT 

[0 0 6 4] s*5s c©«4*a«0Ttt» 

m<Dt) V - RE0W&T3»Jlte* fcttiaT 
LTt»«fcl\. BPS* JBUMM 2 3 p (CU^dR^lca 

«4*JWH£EMJHe» #*«fc<fcy»na«BE*Mi:T 

[0 0 6 5] BaaLfc*»«yfcjaa.T» fttiiwfcs $ 

^fieiHT-S«„ mi HcijVf <fc-5l^ CcdtK^7.JiP;I 
§16 0 Otts *?LfHK6 2 1 CCD^fLKK6 2 1 * 
H#frS»*^#*#XS«fctf*0S^6 2 3 p, 6 
2 4p*^r«-fe/tU-^6 2 3, 6 2 4£*f|a.fc 
±?\ *3fE&6 2 4 ptf^flX»S6 2 3 pfcttLT ' 

[0 0 6 6] mi 2fCtta*U<ft^*9*^L.fco 

mi utmt^ic 7mm^mtsxmKMLTT 
\mzm t. ** jar ^aEHHW^s *?L«M«:aia lt* 

(RW, Gfcfl/UiWW > '©&> *#£?IJII1BeMi 

[0 0 6 7] CWotfLTx Cfl!)ft»«0?tt» *3fS&6 
2 4 p ^7K*^7,« 6 2 3 p fctt LT±.mt%5 «fe 3 
Keitf*UV*E£fr6, 7K*«'X«6 2 3 pfflfr 
S*?LM*6 2 1 &afflLT#9fEtt6 2 4 pffifcJftAL 
fcjtf*tt, #3S»6 2 4 p<0±ffi (£7LStS£6 2 1 £5 
ttcDfJ) (C**y« *a>2U##aiE»6 2 4p£*?lR 
it6 2 1<0Ml!:j»S-r5Citfft^. 



[0 0 6 8] W±*»W©*HttWK-3^TttiiBLfctf» 
[0069] 

*»a>lJPa»trP«:s ^?LRilfl!>rt«Sfet**©3liMI 

[0 0 7 0] f|:&Jl21E§i©«4®§©MgSm 

§»P;I«CDfiT^K±r^Ci:A^*s Bi^Ttt, AD 
[007 1] H^3E«®JB»Wfl«)SPa8BT»«v 
©^(EfSH , r*lraa«lE©ffiT*IW±r*e:<!:tf"P 

e^Ttt» upatfs*n««ttaji!i©»«BB7]«)ffi 
[ms^ramsiKB^] 

m i ] *«w©«»«7is<oiniaea*fiiAfc« i 
mil mmm^wcomm^mmm^o 

[E93] 7jc^yj , XDPSgg2 0©^m^5o 
[H4] ftWl«S*S12 2Ha©*3H-?a5*. 

[B5i »2*««y©*a?jxinia»Kffl^5ft*#?L 

KBM1 2 1 W«SHT?a5S. 
[m 6 ] ^3 H^^IJ t L T ro»Iifiit->X? A 2 0 
1 0ttiS*^HT*«. 

W7J a3*St«Tffl^5ft«*/U^3 0 0(D?4?im 

DB8] */U4f3 0 0<D»l!WH»HT***. 

[1819] m4H^JiLT£D7j<|Ryj , XMS->XxA©ffiJ 

[mi o] h49 0K«fcy*ff*ft««i 

[mii] fflj©*jww«)*««xj!ipa»6 o o<Dmm® 
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8 0, 9 0" ,( fiSS 




12 1 —^iXMm 




12 2a 


i -»t;Kl->xfA 


12 2 b—i^'JMi? 


i o-W«>§*ft 


2 0 1 ••■$SW«iE?E*VAXA 


1 Oa-^SPSI? 


2 2 0 — 7j<^;tf aJ)P;I§5 


1 0b-"7V-K«E&AP 


2 3 0-"6Swa'B/jA/w,ffi5if 


1 0 c-*V-K«SSAP 


3 0 0 •••>kll'& 


1 1 -mm 


->ni on-) +4- -t-° U"7/7il *v 

3 0 1, 3 0 2"'7$-hA7V _ / 


i 2-av-K 


3 0 3 -"Sitt 


1 3-7V-K 


3 0 4, 3 0 S-'/^y+V^ 




3 0 6 •••rtffiWx-i' 


1 4 9 -Wmfi*Wk 


3 0 7— ftffltf^-f 


1 5--tz/\°U-2 


3 0 8-P7^t7 hS^A^y h 


1 5p-7j<^^X^ 


3 0 9—py ^^"y h 


1 6, 1 7 


4 o 1 •••7Jc^73'aJ)P;I~>at-^ 


2 0-*S#*ttl» 


4 1 o — jsnssiakft 


2 1 -*HMm 


4 1 O-'^X^^aSPJSSb 


22-imsusM 


4 2 1 •••^tlmflK 


22a-6£ 


4 2 3, 4 2 4 , "SPW 




4 2 3 p ■••7K^/3 AiMtS 


2 3—feAU-* 


4 2 4 p-"7.K5jffiE& 


2 3p-*X#;*3ISi! 


4 3 0-"fSS 




4 4 0 ■■•fiUHLtfyJ' 


2 4p-7KaSSS 


4 5 O-'^K^ 


2 5, 2 6-0'J>? 


4 6 0 ■••$\Wl'\ll>~? 


2 7, 2 8-->-/bg|5W 


4 7 0 • " HfSS 


3 0"-^^$W^XfiPSS 


4 8 0 •••7jC(S-b>'9" 




4 9 0-H?l'JiP^- , > h 


5o-m 


6 0 0-7jciit#AfiP;gg§ 


5 OP-Slffi<KV^ 


6 2 1 -MUM 


6 0-IB 


6 2 3, 6 2 4-Hr/tl/-* 


6 0P-ftE<K>^ 




7 0-fSS 


6 24p-#3H& 


7 0P-JPE*>^ 





[05] [07] [08] 
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